Introduction
The development of tCCF after closed head trauma is well-known phenomenon, and the treatment result is acceptable 29 . Traumatic pseudoaneurysm in the sphenoid sinus is a very rare cause of epistaxis, but it is a life-threatening clinical situation when left untreated 14, 28, 26, 1, 2 . There is less documentation of tCCF with concomitant pseudoaneurysm in the sphenoid sinus. This paper presents six cases in detail discussing the generating mechanism, diagnosis and treatment methods.
Materials and Methods

Patient characteristics
This patient series consisted of one woman and five men whose mean age was 37 years (range, 31-48 yrs). The clinical and morphological data for the cases are listed in Table 1 . All patients of this group had episodes of massive epistaxis, once (n = 2), twice (n = 2), three times (n = 2), blood transfusion was necessary for stabilization of vital signs in every episode. All patients suffered severe head trauma by falling from a high speed motorcycle without wearing a helmet. All patients underwent pre-and postangiographic neurological examinations
Summary
This study was designed to elucidate the generating mechanism, diagnosis and treatment of traumatic carotid cavernous fistula (tCCF) concomitant with pseudoaneurysm in the sphenoid sinus. Six cases of tCCF concomitant with pseudoaneurysm in the sphenoid sinus were analyzed in this study. Clinical history, neurological examination, CT and MRI scans, pre-and postembolization cerebral angiograms and follow-up data were included.
All patients presented with massive epistaxis and symptoms of tCCF. The pseudoaneurysms and fistulas were occluded with detachable balloons, and preservation of the parent artery in two cases. One patient also had indirect carotid cavernous fistula (CCF) on the contralateral side embolized by transfacial vein approach with microcoils. Complete symptom resolution was achieved in all cases, without procedure related complications. During the follow-up period all patients returned to work.
Falling from a high speed motorcycle without wearing a helmet may be one of the main causes of this disease. The site of impact during the accident mostly localizes in the frontal and lateral of the orbit. Intracavernous sinus hypertension of tCCF combining with fracture of the lateral wall of the sphenoid may lead to the formation of a pseudoaneurysm in the sphenoid sinus. MRI scan is very helpful in the diagnosis of this disease before the patient receives angiography. and CT scanning. In the last case before angiographic magnetic resonance imaging studies were available. According to the patients' statement, the scars and the CT scan, we also analysed the site of the impact. All patients were treated by endovascular techniques. Follow-up data were acquired during office visits and by contacting patients by telephone or letter. The follow-up periods ranged from ten months to eight years (mean, 60 months).
Endovascular procedures
Five endovascular procedures were performed with local anesthesia and light neuroleptic analgesia, to allow continuous neurological monitoring. The bilateral transfemoral approach and full systemic heparinization were applied in all cases. A simple occlusion test with clinical monitoring was performed for 30 minutes before permanent internal carotid artery (ICA) sacrifice. The fistulas, pseudoaneurysm and parent artery occlusion were achieved in four cases with detachable latex balloons (Balt Extrusion, Montmorency, France), and preservation of the parent artery in the other two cases. In the fourth case, who also had indirect carotid cavernous fistula on the contralateral side, because we had occluded the ipsilateral internal carotid artery, the contralateral side cavernous sinus was embolized with microcoils via the transfacial vein -superior ophthalmic vein approach under general anaesthesia, and preservation of the parent artery.
Representative cases Patient 5
This 30-year-old man presented with massive epistaxis after a fall from a high speed motorcycle. Early CT scans revealed subdural hematoma and brain contusion in the left temporal lobe, hematoma in the sphenoid sinus, fractures in the sphenoid sinus lateral wall and carotid canal ( figure 1A) .
After surgical removal of the subdural hematoma and decompression, he regained consciousness and complained of intracranal bruit and left total vision loss. Cerebral angiography performed two months after trauma disclosed a pseudoaneurysm of the cavernous segment filling the sphenoid sinus and a tCCF originating from the left ICA C3 (figure 1B-D). Test occlusion of the left ICA was well tolerat-ed for 30 minutes without development of focal neurological deficits, then the fistula and the pseudoaneurysm were occluded using only one detachable latex balloon, with preservation of the parent artery (figure 1E,F).
Patient 6
This 44-year-old man with right side chemosis, visual field defect and intracranal bruit had suffered trauma caused by a falling from a high speed motorcycle, and had an episode of massive epistaxis three days after the accident. Early CT scans revealed fracture at the right zygomatic arch, sphenoid and ethmoid sinus, softtissue density in the sphenoid sinus ( figure 2A ). The diagnosis was confirmed by subsequent MRI scan which demonstrated right basal ganglia infarction, a large signal void aneurysm in the sphenoid sinus and a dilated right side cavernous sinus ( figure 2B ). An irregular pseudoaneurysm projecting anteroinferiorly into the sphenoid sinus concomitant with tCCF was found on right internal carotid angiography. There was minimal flow in the supraclinoid portion of the right ICA, and the right A1 was dysplastic (figure 2C,D). After seven ballons were detached into the lumen of pseudoaneurysm, the fistula and pseudoaneurysm were occluded by the eighth detachable latex balloon with preservation of the parent artery (figure 2E,F).
Patient 4
This 36-year-old male was brought to our department with the chief complaint of recurrent epistaxis, intracranial bruit, left chemosis, ptosis and proptosis for two weeks after a motorcycle accident. Initial CT scans revealed left frontal, bilateral orbit roof and sphenoid sinus lateral wall fractures, bilateral frontal lobe contusions. Angiography demonstrated bilateral tCCF, with figure 3E ). Because the right ICA had to be preserved, the right CCF was embolized by the facial vein -superior ophthalmic vein route under general anaesthesia with microcoils ( figure  3F -H). The patient's symptoms resolved completely after the procedure and he made a satisfactory recovery. Another angiogram three months later demonstrated the right ICA main- Anteroposterior view also demonstrated that there was minimal flow in the supraclinoid portion of the right ICA,and the right A1 was dysplastic. E) Anteroposterior unsubtracted and F) subtracted film showed the fistula and the pseudoaneurysm were occluded by the eight detachable latex balloons with preservation of the parent artery. tained supply to the left hemisphere through patent anterior communicating arteries, minimal residual shunting was found in the right side and there had been complete resolution of the left pseudoaneurysm ( figure 3I ).
Results
This group of patients constituted about 12% (6/51) of all tCCF patients in the same period. All lesions resulted from non-penetrating trauma caused by falling from a high speed motorcycle; five patients were drivers and one was a passenger. The site of impact was mostly localized in the frontal and lateral parts of the orbit. All patients presented with massive epistaxis and symptoms of tCCF. Two patients of this group had episodes of intracranal bruit, chemosis and epistaxis simultaneously right after the injury, the interval between these two groups of symptoms in the other four patients ranged from three days to one month. The pseudoaneurysm and fistulas were occluded with detachable balloons, and preservation of the parent artery in two cases. One patient also had indirect carotid cavernous fistula on the contralateral side, embolized by transfacial vein approach under general anaesthesia with microcoils. Complete symptom resolution was achieved in all cases, without procedure related complications. The follow-up periods ranged from ten months to eight years with no symptom recurrence, all patients returned to their normal life. 
Discussion
Traumatic intracranial pseudoaneurysms are rare lesions, constituting only 0.15% to 0.40% of all intracranial aneurysms 20 . Traumatic pseudoaneurysms presenting with recurrent epistaxis are even rarer, from 1928 when Birley and Trotter first reported such a case to 1990, only about 100 cases have been reported in the world literature 3, 14 . Traumatic CCF concomitant with pseudoaneurysm in the sphenoid sinus presenting with epistaxis is an extremely rare occurrence with few reports in the literature 4, 15, 21, 18, 19 .
It is well known that the ICA is divided into four portions: cervical, petrous, cavernous and cerebral. In the cavernous portion, the carotid first ascends to the posterior clinoid process, then curves forward along the side of the sphenoid sinus and curves again forward along the side of the sphenoid sinus and curves again upward to emerge medial to the anterior clinoid process.
This portion is approximately 2 cm in length and, on average, 2.3 mm lateral to the pituitary gland. In some instances, it may course more medially and indent the lateral wall of the sphenoid sinus 13 . An anatomy study with cadaver dissection done by Renn and Rhoton 24 showed the carotid artery bulging into the sinus in 71% of the cadaver specimens. The bony layer covering the ICA was less than 1 mm thick in 66% of their specimens, and 4% had no bony layer and were covered only by dura and sinus mucosa. Severe head trauma can result in sufficient injury to the cavernous portion of the ICA can result in a CCF, a pseudoaneurysm, dissection of the artery, or rupture and fatal hemorrhage 10 . Blunt head injury may result in pseudoaneurysm formation from shearing forces of hemorrhages in the artery wall, thus weakening the artery. Some authors thought the pounding of the blood against the weakened arterial wall was responsible for further stretching of the artery and forming the pseudoaneurysm that took time and might have occurred within months or years before epistaxis 6 .
Two patients of this group had episodes of intracranial bruit, chemosis and epistaxis simultaneously right after the injury, the interval between these two groups of symptoms in the other four patients ranged from three days to one month. When these two groups of symptoms occurred simultaneously, it probably re-sulted from direct puncture to the sphenoid sinus wall and proximal ICA. In the other condition, we presumed that the intracavernous high pressure of CCF further destroyed the fractured sphenoid sinus wall, which might explain the delayed epistaxis.
Traumatic carotid cavernous fistula concomitant with pseudoaneurysm in the sphenoid sinus reported in the literature mostly resulted from penetrating head trauma and motor vehicle accidents 4, 18, 19, 26 . Intracavernous carotid artery pseudoaneurysm occurring after transsphenoidal microsurgery has been well reported 11, 12 , but we never found reported concomitant with CCF. Six patients in this group were all caused by falling from a high speed motorcycle without wearing a helmet, five were drivers, one was a passenger. According to the patients' statements, the scars in the face and the CT scan, the site of impact was mostly localized in the frontal and lateral part of the orbit. All six patients suffered multiple skull fractures, especially the lateral wall of the sphenoid sinus, adjoining the sphenoid sinus and ethmoid sinus. From the anatomy aspect, the sphenoid sinus is situated in the centre of the skull base, anterior ethmoid sinus, lateral sphenoid ridge, basilar part of the occipital bone and petrous part of the posterior temporal bone. So we presume that if the impact comes from the frontal and lateral part of the orbit, the strength transmits along the sphenoid ridge to the lateral wall of the sphenoid sinus, which is more fragile and fracture occurs more frequently. When the impact comes anteriorly, the ethmoid sinus will absorb part of the force. At the same time the shape of the sphenoid sinus seems more resistant to force coming anteriorly, and sphenoid sinus fracture occurs more seldom.
Death is three times less likely if the pseudoaneurysm is diagnosed before it has ruptured, compared with diagnosis after rupture 22 . Therefore, prompt diagnosis and treatment are very important. In 1961, Maurer et Al 17 noted the triad of unilateral blindness, frontal fracture and massive delayed epistaxis after non-penetrating head trauma, due to internal carotid aneurysm with rupture into the sphenoid sinus. In the present series, all six patients suffered multiple skull fractures and recurrent epistaxis, three cases showed vision loss on the affected side, four cases showed chemosis and intracranal bruit. So we think patients presenting with Maurer's triad combining with symptoms of traumatic carotid cavernous fistulas should be evaluated for the development of pseudoaneurysm as soon as possible. In case 5, according to the patient's clinical history and CT scan, the diagnosis was made before angiography. In case 6, the pseudoaneurysm and tCCF were demonstrated on MRI, and the diagnosis was also made before the angiography. So we think that an MRI scan is very helpful in diagnosis of this disease before the patient receives angiography. Still it is very important to make the distinction between a pseudoaneurysm associated with a CCF and a large venous varix associated with a CCF. In our experience, the dilated venous varix associated with a CCF cannot destroy the lateral wall of the sphenoid sinus, it is simply limited in the cavernous sinus. If the contrast agent goes into the sphenoid sinus during angiography, a pseudoaneurysm can be confirmed.
Many methods have been reported to treat intracavernous pseudoaneurysm, such as endovascular stent and coils, endovascular covered stent, detachable balloons, direct surgical repair the internal carotid, trapping procedure, etc. 5, 7, 8, 26 . But for traumatic carotid cavernous fistula with concomitant pseudoaneurysm in the sphenoid sinus, the treatment methods are confined to endovascular coils, detachable balloons and trapping procedures 4, 15, 18, 19 . At present, most neuroradiologists believe that a traumatic pseudoaneurysm is only a fragile sac surrounded by organizing blood clot that may even disappear with fibrinolysis, there may be little tissue to hold or buttress the balloon in place over the laceration in the carotid artery. In 1987, Fox et Al 9 recommended the placement of balloons to trap the main artery rather than placement of balloons directly into the aneurysm because of the potential for recurrent epistaxis if the balloon is extruded through the sphenoid sinus. All six lesions in our group were treated with detachable balloons and preservation of the parent arteries was achieved in two cases with a follow-up period of 10 months and 11 months without any recurrent bleeding. In the sixth patient, we placed eight detachable latex balloons into the pseudoaneurysm sac, and the fistula and the pseudoaneurysm were occluded with preservation of the parent artery. So we presume that most of the pseudoaneurysm sacs are not so fragile except for the line of bone fracture and the site of the sphenoid ostia, the lateral wall and the septa of the sphenoid may offer enough support for the balloons. So for some of these patients, we still have a chance to preserve the parent artery. Even if we can preserve the parent artery, we still emphasize the importance of examining cross collateral blood flow by placement of additional catheters through the opposite femoral route. Recently, Shin et Al 25 reported intranasal extrusion of the endovascular coil after occluding internal carotid artery for massive epistaxis. It is well known that the neck of a pseudoaneurysm is not so strong as the neck of a true aneurysm, and we think the endvascular microcoil is too soft to occlude the neck of a pseudoaneurysm tightly. Therefore, the endovascular microcoil should not be the first choice for this disease. Covered stent can reconstruct a damaged vessel, and it has been used to treat traumatic pseudoaneurysm and traumatic carotid cavernous fistula in reports 16, 23, 27 , but the stiffness and high dose anti-platelet and anti-coagulants still limit its wider use. In summary, traumatic carotid cavernous fistula concomitant with pseudoaneurysm in the sphenoid sinus is a rare lesion with a very high mortality. To recognize the generating mechanism of this disease thoroughly and to improve the treatment result, we still have a long way to go!
